


A. GENERAL

RESEARCH AS RELATED TO TROPICAL CYCLONES WAS LIMITED DUE TO THi

LACK OF AUTHORIZED PERSoNNEL FOR THE 1959$ 1960 AND 1961 SEASONSO
A TOTAL OF SIX OFFICERS ARE NOW APPROVED FOR 1962; HOWEVER, THE TWO

VACANCIES HAVE NOT AS YET BEEN MANNEDo

THE “ANNUAL TYPHOON REPORT” IS PREPARED AND PUBLISHED” AS A

STATISTICAL AND DESCRIPTIVE RECORD AFTER THE SEASON IS OVER~IN DEC-
EMBER. THE PUBLICATION DATE VARIES FROM 15 MARCH TO 15APRIL. THE

REMAINDER OF THE TIME THRouGH JuNE Is DEvoTED To REsEARCHpRoJECTS$

LEAVE AND TRAINING. WITH THE ANTICIPATED INCREASE OF PERSONNEL, IT

IS HOPED THAT MUCH oF THE “REpoRT CAN BE WRITTEN DuRING THE 1962
TYPHOON SEASON, THAT THE METEOROLOGICAL DISCUSSIONS CAN BE EXPANDED
AND THAT FUNDS WILL BE AVAILABLE TO ENLARGE THIS REPORT”. AN EAR-

LIER PUBLICATION DATE IS NOT ANTICIPATED; HOWEVER, THE PERtOD BE-

TWEEN DECEMBER AND PUBLICATION DATE WILL BE DEVOTED TO PROVIDING A
MORE COMPLETE REPORTO

T’HE PROBLEMS ENCOUNTERED BY JTWC IN THE PAST THREE YEARS iiAVE

BEEN GREATER IN NUMBER THAN THoSE soLvED DuRING THE REsEARCH pERloD.

THE INCREASE IN MANNING OFFERS AN OPPORTUNITY TO MINIMIZE THESE

PROBLEMS.

RESEARCH WILL BE DIVIDED INTO THREE TYPES FOR THE COMING SEASON:

1. SIMPLIFICATION OF FORECAST PROCEDURES
2. IMPROVEMENT OF THE FoREcAsT TECHNIQUES
3. EXAMINATION OF THE TROPICAL CYCLONE, WHICH WILL INCLUDE A

DOCUMENTATION OF THE CYCLONE FRoM THE FORMATION To TYPHooN STAGE>
AND 7’0 OBTAIN MORE INFORMATION ABOUT THE STRUCTURE OF THE TYPHOON

EYE .

PROJECTS DISCUSSED IN THIS CHAPTER ARE AS FOLLOWS:

1. A TEST oF THE ARAKAWA METHOD oF FORECASTING TYPHOON MOVEMENT
AND SURFACE PRESSURE

2. MILLER-MOORE METHOD TESTED AND APPLIED IN THE tfESTERN PAC8FIC
3. WACHHOLZ COORDINATION CHART



A TEST OF THE ARAKAWA METHOD OF FORECASTING

TYPliOON HOVEMENT AND SURFACE PRESSURE

BY CHARLES G. WALDRON, LT, USNR

THE ARAKAWA METHOD OF TYPHOON FORECASTING WAS DEVELOPED BY DR.
H. ARAKAWA AND THE STAFF OF THE METEOROLOGICAL RESEARCH INSTITUTE,

TOKYO, JAPAN. IT IS A STATISTICAL STUDY BASED ON THE VEIGAS-blILLER

SCREENING PROCEDURE USED TO DEVELOP A SIMILAR METHOD OF FORECASTING
ATLANTIC HURRICANE MOVEMENT. THREE SETS OF REGRESSION EQUATIONS

WERE DEVELOPEO. ONE USED SURFACE DATA EXCLUSIVELY, ANOTHER USEO 700
MB OATA, AND THE THIRO USED BOTH. DUE TO THE LIMITED TfME AND PER-

SONNEL AVAILABLE, ONLY ONE METHOD COULD BE TESTED FOR THIS STUDY.

THE SET OF EQUATIONS USING SURFACE DATA EXCLUSIVELY WAS CHOSEN BE-
CAUSE IT WOULD BE THE MOST USEFuL AS AN OPERATIONAL FORECASTING TOOL.

THE MAIN ADVANTAGE IN USING SURFACE DATA ONLY IS THAT A FORECAST CAN
BE MADE EVERY SIX HOURS INSTEAD OF EVERY TWELVE HOURS IF UPPER AIR
DATA IS USED. IN ADDITION, THE RELIA81L1TY OF A FORECASTING TECHNl-

QUE DEPENDS DIRECTLY ON THE QUALITY AND QUANTITY OF THE REPORTS USEO

IN ITS. PREPARATION. THE PAUCITY OF UPPER AIR REPORTS IN THE WESTERN
NORTH PACIFIC LIMITS THE USEFULNESS OF AN OBJECTIVE FORECAST USING
THAT DATA. THE MILLER-MOORE METHOD HAS PROVEN A VALUABLE EXCEPTION.

THE REGRESSION EQUATIONS FOR THE ARAKAWA METHOD WERE DERIVED

FROM FtvE YEARS OF DATA COVERING THE PERIOD 1956-1960. THE PRESSURE
PATTERN WAS OBTAINED BY USING A GRID OF 91 POINTS AT INTERVALS OF 5
DEGREES OF LATITUDE AND OF LONGITUDE RELATIVE TO THE TYPHOON CENTER

(FIG. 1). THE SET OF EQUATIONS FOR 24 HOUR AND 48 HOUR FORECASTS

COMPUTED BY THE IBM 704 ARE ON THE FOLLOWING PAGE. EQUATIONS ARE

ALSO AVAILABLE FOR 12 HOUR FORECASTS, BUT THEY WERE NOT EVALUATED
DUE TO THEIR LIMITED USEFULNESS.

A TEST WAS MADE ON THE TWENTY TYPHOONS WHICH OCCURRED IN THE

WESTERN NORTH PACIFIC DURING THE 1961 SEASON. POSITIONS FOR LATI-
TUDE AND LONGITUDE AND THC 12 ANO 24 HOUR PREVIOUS POSITIONS WERE
TAKEN FROM THE TYPHOON BEST TRACK CHARTS. THE PRESSURES WERE oB-

TAINED FROM 1/15,0~,000 MERCATOR PROJECTION CHARTS USING A GRID

THAT WAS TRUE AT 15N. THE CHARTS USED WERE ONES WHICH HAD BEEN ANA-

LYZEO DURtNG THE SEASON. THE CENTRAL PRESSURES ANO 12 HOUR PREVIOUS
PRESSURES WERE OBTAINED BY CONVERTING BEST TRACK SURFACE WINO’ SPEEDS

USING THE WACHHOLZ GRApH. THE VERIFYING PRESSURES WERE OBTAINED

BY THE SAME METHOD. THE FORECASTS WERE MADE.• NLY FROM THE 00002 AND
12002 CHARTS so THAT THE BEST TRACK MILLER-MOORE FORECAST FOR THE
SAME PERIOD COULD BE USED AS A COMPARISON. MORE MILLER-MOORE 24
HOUR FORECASTS WERE MADE FROM THE SAME DATA BECAUSE THAT METHOD RE-

QUIRES ONLY 12 HOUR PREVIOUS POSITION VICE THE 24 HOUR POSIT~ONS RE-
QUIRED BY ARAKAWA. No OBJECTIVE 48 HOUR FORECAST TECHNIQUE WAS AVAIL-
ABLE FOR COMPARISON. A TOTAL OF ON~ HUNDRED AND FOURTEEN 48 HOUR
FORECASTS AND ONE HUNDRED AND “FIFTY THREE 24 HOuR FORECASTS WERE MADE.
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ARAKAIIfA24-48 HOUR EQUATIONS

LAT24 = -112.5 + 2.2797%ATO+ 0.1284P90+ 0.1821P26 – 1.254LAT-12 – 0.0692P52 —0.1293P39

LONG24 = -S89.6 + 1.6812LONG0 + 0.7209LAT0 + 0.2443P89 + 0.3469P21 - 0.7516LONG-24 - 0.6155LAT-12

P24 = -1581.9 + 0.8613P0 + 0.9063P6 + 1.0163P46 + 1.1259p21 – 0.3225P-24- 0.3547LONG-24

-“o.9921P(j3

‘AT48 =
-106.6 +2.8977LAT0 + 0.2914P@+ 0.2?32PW+ 0.2034P25 -- 1.8073LA7-12 - 0.5396P46

-0.0613Pm

LONG48 = -1037.6 + 1.8948LONG0 + 2.1311 LATO + 0.6461 P13 + 0.6245P89 - 1.0458LONG-24 - 1.7983LAr-12

-0.2289P17

’48 =
-1790.4 + 0.6493po+ 2.6177p6 + 1.4297p46 – 0.5141p-12 – 0.6288LONG-24 – 1.3597p63

Px = PRESSURE AT GRID POSITION x

LATO = LATITUDE OF TYPHOON CENTER AT CHART TIME

LONGO = LONGITUDE OF TYPHOON CENTER AT CHART TIM~

LAT-X = LATITUDE oF CENTER AT x HOuRS pRIOR TO CHART TIME

LONG-X = LONGITUDE OF CENTER AT x HOURS PRIOR TO CHART TIME

P-x ~ = CENTRAL PRESSURE AT x HOURS PRIOR TO CHART TIME



[N BOTH THE 24 HOUR AND 48 HOUR FORECASTS, THE LONGITUDINAL
ERROR WAS GREATER THAN THE LATITUDINAL ERROR. THE SCATTER DIAGRAM
(FIG. 2) OF THE 24 HOUR FORECASTS SHOWED THAT ONE-THIRD OF THE

ERRORS FALL WITHIN THE NE QUADRANT, Q(JT THE LARGEST ONES OCCUR IN

THE SW QUADRANT. FORECASTS WHICH FAIL TO PREDICT RECURVATURE OF

RECURVE TOO SLOWLY PRODUCE ERRORS THAT FALL IN THAT QUADRANT. THE
48 HOUR SCATTER D/AGRAM (FIG. 3) ALSO INDICATES THAT MORE THAN ONE-
THIRD OF THE ERRORS ARE IN THE NE QUADRANT. THE poss181LtTy EX{STS
THAT A CORRECTtON COULD BE DETERMINED TO PROVIDE A MORE COMPACT
PATTERN; HOVEVER, SINCE ONLY ONI? YEAR OF INDEPENDENT DATA WAS TESTED
AGAINST THE FIVE PREVIOUS YEARS, FURTHER Evaluation IS lNOtCATED BE-

FORE SUCH A CORRECTION tS MAOE.

THE ERRORS FOR THE 24 HOUR AND 48 HOUR CENTRAL PRESSURE FORE-

CASTS SHOWED A 6tMoDAL OlsTRIBuTtON (FIG. 4 ANO 5). THE-HIGHER PEAK
ON THE 24 HOUR PRESSURE HISTOGRAM WAS AT ZERO MB ERROR, AND THE
SMALLER WAS AT -20 MB. THE 48 HOUR HtSTOGRAM’S PEAKS WERE OF EQuAL

HEIGHT. ONE WAS CENTERED AT ZERO MB ERROR AND THE OTHER AT -30 MB.

THE VERIFICATION OF THE pRESSURE FORECASTS IS TO BE CONSIDEREO LESS

RELIABLE THAN THE POSITION ‘FORECAST SINCE THE FORMER CANNOT BE OB-
TAINED DIRECTLY. IN ADDITION, THE BEST TRACK POStTtON tS USUALLY

MORE-RELIABLE THAN THE SURFACE WIND SPEED OBTAINEO FROM THE SAME

SOURCE .

ERRORS OF FORECASTS USING THE ARAKAWA
METtiOD WITH 1961 BEST TRACK DATA.

24 HOUR 24 HOUR 48 HOUR 48 HOUR
POSITION PRESSURE POSITION PRESSURE

FORECAST (Ml) (MB) (Ml) (MB)

MEAN 113 -3 239 -3

STANDARD
DIVIATION 74 22 162 26

NUMBER CASES 153 153 114 114

SINCE THE TEST OF THIS METHOD USED BEST TRACK OATA, IT CANNOT BE
COMPARED WITH THE OPERATIONAL FORECAST MADE BY JTWC, NOR CAN tT 6E
COMPARED TO THE OPERATIONAL MILLER-MOORE ERROR OF 113 MILES. THE
MILLER-MOORE METHOD YtELDEo AN ERROR OF 96 MILES USING THE t3EsT TRACK
DATA.

THE ARAKAWA METHOD SHOWS PROMISE OF BECOMING A uSEFUL OPERATIONAL
FORECASTING TOOL. ITS 24 HOuR FORECAST COMPARES FAVORABLY WITH THE

MILLER-MOORE METHOD ANO HAS THE ADDED AOvANTAGE OF BEING AVAtLASLE
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EVERY SIX HOURS. ‘fHIS METHOD, WHICH PROVIDES 4b HOUR FoRECASTS, IS
THE FIRST TO BE EVALUATED BY JTWC AND WILL BE A WELCfJME ADDITION TO
‘THE LIMITED NUMBER OF LONG-RANGE FORECASTING TECHNIQUES PRESENTLY

IN USE.
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24 HOIJl MOVEMENT FORECAST ERRORS
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FIG 4

24 HOUR PRESSURE FORECAST ERRORS
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48 HOUR MOVEMENT FORECAST ERRORS
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FIG 5

48 HOUR PRESSURE FORECAST ERRORS
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KAUA 24 HOUR FORkiAST ERR oR&

IEss”

MERIDIONAL ZONAL
DIS7AMCE ERROR ERROR

2600Z
26122
2700Z
271 2Z
2800Z
281 2Z
2900Z
2912Z
3000Z
3072Z
31Ooz
AVERAGE

2::
168
186
72
52

120
713
153
153
J31_
129

14

69
29
15
20 lJi

25 113
33 148
43 141
58 67

2Z.
168’
172
67
49

-.

ALL!x

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

~ “

1900Z 96 90 27 .
19122 76 31 68
2000Z 90
201 2Z 370 Iz “: z
21OOZ 306 61 = 294
2112Z 167 75 - - 144
AVERAGE m

MERIDIONAL ZONA.t
DISTANCE ERROR ERitO~,

24122 17 17 - .
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ARAKAUA 24 HOUR F,ORECAST ERRORS

a (coNT’D) $

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE M

2500Z
251 2Z
2600Z
2612Z
2700Z
2712Z
2800Z
281 2Z
AVERAGE

26
75
55
96

234
148
208
261
m

24

95

8
,;. -

51 -

212 -
’141 -
206 -
126 -

1;

24
19
91
40
26

225

CORA

MERIDIONAL ZONAL

DISTANCE ERROR ERROR

VERIFYI NG TIME ERROR N SE N

2412Z 72 3- .

2500Z g 17 - z ,-

AVERAGE

ELSIE

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE N

141 2Z 144 130 .- - 63

1500Z 85 - 22 -.

AVERAGE ‘+?
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ARAXAWA 24 HOUR FORECAST ERRORS

HELEN

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE w

2912Z
3000Z
301 2Z
31002
311 2Z
01 Ooz
011 2Z
0200Z
0212Z
0300Z
031 2Z
AVERAGE

165
102
11
56
3

5
126

19
1:: 15

5 71
85

51
107

61 96
98

.

.

50
36

-.

46

y)JJ

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE w

301 2Z 184
31OOZ 234 : ;::
311 2Z 339 18; - 288 “

AVERAGE 252

JUNE

MERIDIONAL ZONAL
D)STANCE ERROR ERROR

VERIFYING TIME ERROR N SE w

031 2Z 11,0 64-
0400z 45 28 ;;’:
0412Z 76 .

0500Z
73” : Jg

94 92-- 10
051 2Z . .11 -
0600Z : 36- :
06122 46 1; - - 43
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ARAKAWA 24 HOUR FORECAST ERROR$

JUNE (CONT*D)

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE u

0700Z 28 - -
07122 1% 8-- 1%
0800Z 16 . 15 3
081 2Z 86 57 - 6; -
AVERAGE T

KATHY

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

,VERIFYING TIME ERROR N SE u

1712Z 11 -
1800Z lE lE : 74 0
AVERAGE m

LORNA

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME EfiROR N SE w

2212Z
2300Z
2312Z
‘2400Z
2412Z
2500Z
25.12Z
26CXIZ
261 2Z
AVERAGE

’124
128

1=
110
116
130
53

i%

105

15
70
66
83
66
-

67

-

47
78 -
10 -

. .

111
46 2;
.

68
119

97
85

.

12
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.ARAKAWA 24 HOUR FORECAST ERRORS

NANCY

MERIDIONAL ZONAL
DISTANCE ERROR

VERIFYING TIME
ERROR

ERROR N SE u

091 2Z
1000z
I012Z
11OOZ
1112Z
1200Z
1212Z
1300Z
1312Z
1400Z

, 1412Z
1500Z
1512Z
1600Z
1612Z
1700Z
AVERAGE

40
24
94
81
55

2
51
31
66
69
49

152
134
327
427
m

45 - :
55

..

8’ ; ~
4? 34

2;
61 1;
21 -

49 - -
75 - -
47

276 :
-’ 420 -

26
11
94
67

.

20

66

128
124
186
76

.QLui

MERID1ONAL ZONAL
D“ISTANCE ERROR

VER 1
ERROR

FYING TIME ERROR N s E M

1000Z 58 51 17
AVERAGE 58

PAMELA

MERIDIONAL ZONAL
DISTANCE ERROR

IFY
ERROR

ING TIME ERROR N s E w

1012Z 29
1100Z a? 8; - 12
1112Z 12a 91 85
1200Z 44 34 28
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ARAKAWA 24 HOUR FORECAST ~

JUMEIL (cONT*D)

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s “E w

1212Z 193 180 - 115
AVERAGE 123

SALLY

MERIDIONAL ZONAL”
DISTANCE ERROR ERROR

‘VERIFYING TIME ERROR N SE w

271 2Z 6 12 .
2800Z 1;: 49 129
2812Z 147 22- 146
2900Z 40 29 27
291 2Z 40 8. 39
AVERAGE x’-

T ILDA

MERIDIONAL ZOMAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E w

291 2Z
mooz
301 2Z
Olooz
O112Z
0200Z
0212Z
0300Z
031 2Z
0400z
0412z
0500Z
AVERAGE

224
197
196
’47
175
214
118
97

222
120
68

i%

8

17

75 -
107 -

26
148
189
106

64 2%
69 100
31 59

.

224
183
167

.

.

29



WA 24 HOUR FORECAST -

MERIDIONAL ZONAL
DISTANCE .ERROR ERROR

VERIFYING TIME ERROR N S E .“w

0600Z 150 3 ‘- -“ 150
0612Z 166 98 - la
0700Z 96 -, 94- 18
,0712Z 52 25 45.-
0800Z 106 .21 105
0812Z 88 88 9

0900Z 101 Ii : ,98
0912Z 123 116. -
1000Z 201 138 - 1:1
1012Z 196 100 - 169
AVERAGE m

BILilE

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE w

2500Z 91. 29 -
251 2Z 102 40 :
2600Z 50 47 11
2612Z 50 8 - 49
2700Z 136 45 - 127
271 2Z 84 45 -

73. :

2800Z . 120 22 115
AVERAGE x

CLARA

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE w

2812Z 100 62 - 78
2900Z 92 67 - 40 .

2912Z . 60 - 81 w

3000Z % 52 - 34



ARAKAWA 24 HOUR FORECAST ERRORS”

-!U!W (coNT’D)

MERID1ONAL . ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE w

301 2Z 140 6 . 133
31OOZ 177 177
311 2Z 396 145 : 345 .
Olooz 175 175
AVERAGE 5

_ooJ

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E M

11OOZ
1112Z
1200Z
121 2Z
1300Z
1312Z
1400Z
1412Z
1500Z
1512Z
AVERAGE

130
90
50
66
77

176
132
65

102

65
30
33
75
28
72

.-

110
88
36

.

12 :
7-

24 -
27 -

ELLEN

MERIDIONAL ZONAL
DISTANCE ERROR ERR OR

YER IFYING TIME ERROR N s E w

0612Z 20
0700Z 55
071 2Z 37
0800Z 120
081 2Z 68
0900Z 12
091 2Z 85

12 16
5 53

16 34
118 32

26 - 65
10 2

85



ARAKAMA 24 iiOuR FORECAST ERRORs

ELLEN (CONTtD)

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE M

1000Z 50 45 0
I012Z 60 54 ;
11OOZ & - 24 -
1112Z :: 6 43 .
1200Z 110 105 “
12122 86 2 : 75 -
AVERAGE -ix
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ARAKAMA 48 HOUR FORECAST ERRORS

ZEs&

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE u

2700Z
2712Z
2800Z
2812Z
2900Z
291 2Z
3000Z
3012Z
31OOZ
AVERAGE

320
580
347
316
156
137
256
206
215
m

36
120
80
52

36 -
38 -

-’

43 253
97 184

146 164

328
579
344
291
131
126

ALICE

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E H

2000Z 225 201 - 104
2012Z 94 7; - - 50
21OOZ 354 42 -
211 2Z 768 75 - ;:
AVERAGE E

BETTY

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE u

251 2Z 163 108 116
2600Z 93 44 - 83
2612Z 70 45
2700Z 146 l% : 70
2712Z 69 . 67 9
2800Z 550 480 - 28;
2812Z 576 358 - 464
AVERAGE m
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HELEN

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE M

3012Z
31OOZ
311 Zz
Olooz
011 2Z
0200Z
021 2Z
0300Z
031 2Z
AVERAGE

94
88

161
331
71
60

218
252
94

E

29
58

161
286
67
59
23
49
8

172
16
2

217
243
94

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

‘VERIFYING TIME ERROR N SE u

311 2Z ~ 126 555
AVERAGE 568

JUNE

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE w

0412Z
05002
051 2Z
0600Z
0612Z
0700Z
071 2Z
0800Z
0812Z
AVERAGE

294
224
258
246
74
35,

132
184
98

m

221 ‘
212
252
211
63
31

120
127
82

195
71
48
130

30
20
51
134
51
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WA 48 HOUR FORECASI”ERRORS

LORNA

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE H

231 2Z
2400Z
241 2Z
2500Z
251 2Z
2600Z
2612Z
AVERAGE

134 123
185 44 1%
183 32 18; -
253 71 231 - .

328 190 250 - .

223 2oo- 118
323 195 - :“ 250
m

Ju!!!u

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME , ERROR N SE u
●

’1012Z
11Ooz
1112Z
1200Z
1212Z
1300Z
1312Z
1400Z
1412Z
1500Z
1512Z
1600Z
1612Z
1700Z
AVERAGE

312
145
91
48
79
34
60

128
208
154
188
226
454

,-

126

11 312
34 141
85 -

31 74
30 12
19 59

16
161 -
140 -

“ -
“--

.

.

39
31

126
66

176
172
453
267
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A 48 HOUR FOR CAST ERRORSE

m

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE u

II12Z 408 201 . 350 -

1200Z 781 295 - 715 .

1212Z 456 168 - 431 .

AVERAGE m

M.LLl

MERID1ONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TINE ERROR N SE M

28122 280 182 - 217 .

2900Z 467 279 380
291 2Z 505 222 - 457
AVERAGE m

IILDA

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VER IFYING TIME ERROR N SE u

30122
Olooz
011 2Z
0200Z
02122
0300Z
03122
04002
0412Z
0500Z
AVERAGE

442
272
267
415
684
642
388
346
104
133
m

58
347
445
279
170
45
55

.

33-
25 -

232
525
566
360
344
87

79 103

441
267
262

.

.
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ARAKAWA 48 HOUR FORECAST _

VIOLET

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR n SE H

0700Z 278 9--
0712Z 153 - 65 - “%

“ Omz 120 120 - 3

0812Z 191 26- 187
09002 260 260

0912Z 165 :- 137
1000Z 77 14

1012Z 3% 19; - 351
AVERAGE B

BILLIE

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR u s E u

2600Z 330 70 - 324
261 2Z 109 90-- 61

2700Z 151 34- 149

271 2Z 169 44 164
2800Z 242 94 216 .

AVERAGE =

MERIDIONAL ZONAL
OISTANCE ERROR ERROR

VERIFYING TIME ERROR H SE u

2912Z 54 34 42
3000Z 85 80 20 .

301 2Z 65 ; 58 -

31Ooz 270 82 - 256 .

311 2Z 425 156 - 400 .

01Ooz 236 40 - 228 .

AVERAGE w
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Meridional ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME EI?ROR w SE M

1200Z
1212Z
1300Z
1312Z
MoOz
1412Z
1500Z
1512Z
AVERAGE

267
70
87

370
308
430
347

. 234
0 65

G:
. 0

1: :
63 -

.
.

%?
300
427

180

-ELLui

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE w

0612Z
0700Z
0712Z
0800Z
0812Z
0900Z
091 2Z
1000Z
1012Z
11OOZ
11’I.2Z
AVERAGE

286
206

1::
137
63

150
54
77

100

95

2;
.

75
18
-

9;
107

.

26 20;
78 1%
-

. 117
-

4; -
506
52 -

7
. 55

263

.

80
144
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MILLER-MOORE METHOD TESTED AND APPLIED IN THE WESTERN PACIFIC

BY ELMER A. ERDEI, LT [JG), USN

T%E. klILLER-MOORE METHOD WAS DISCUSSfD IN CHAPTER Vll (RESEARCH)

OF THE 1960 ANNUAL TYPHOON REPORT. AT THAT TtME THE 1959 DATA HAD
NOT BEEN COMPLETELY EVALUATED. THIS SERIES OF iNVESTIGATIONS HAS

PROVIDED RESULTS THAT ARE TWOFOLD. FiRST, }T APPRISES THE ORJQiNAL
AUTHORS OF RESULTS BASED ON ITS USE iN THE WESTERN NORTH PACIFIC.

SECONDLY, IT PROVIDES JTtlC WITH A MATHEMATICAL TOOL THAT MAY BE
CONTINUOUSLY USED AS A GUIDE To MoRE ACCURATE Forecasting.

THIS METHOO IS BASED ON ATLANTtc liuRRlcANE 0ATA ANO WAS PRE-
PARED BY B. 1. MILLER AND B. L. MOORE. BRIEFLY, THE METMOD CONSISTS

OF CORRELATING THE STORM MOVEMENT WITH A MEAN GEOSTROPHiC WIND AND
THE PAST 12 HOUR STORM MOVEMENT. USING 700 MB OATA, THE METHOD IN-

VOLVES SEPARATE DETERMINATION OF MERIDIONAL ANO ZONAL FORECASTS OF
STORM MOVEMENT. THE EQUATIONS AS DEVELOPEO BY MiLLER ANO MOORE ARE:

INITIAL LATfTUDE EQUAL TO OR LESS THAN 27.5°

T = 0.23v7 + O.65PY+ 2.3

-ii= 0.42u7 + 0.54Px- 2.4

INITIAL LATITUDE MORE THAN 27.5°

7 = 0.71V7 + 0.40PY+ 3.0

(1)

(2)

t= 0.61u7 + 0.48Px - 3.8

5 = FORECAST MEAN 24 HOUR ZONAL SPEED OF CENTER MOVEMENT (KTS)

ii= FORECAST MEAN 24 HOUR MERIDIONAL SPEED OF CENTER MOVEMENT (KTS)

‘z= FIRST APPROXIMATION: MEAN 700 MB GEOSTROPIC WIND BETWEEN FIVE
P IRS OF POINTS 7.5 DEGREES E AND 7.5 DEGREES ~ OF THE STORM CENTER
AND EXTENDING FROM 5 DEGREES S TO 5 DEGREES N OF THE CENTER. IF
SOUTHWARD MOVEMENT RESULTS - NO FURTHER COMPUTATION NECESSARY FOR V@

SECOND APPROXIMATION: ADD POINTS AT 7.5 DEGREES N OF CENTER TO

FIRST CALCULATION. IF BOTH OF THE FIRST TWO APPROXtMATtONS ARE LESS

THAN 6.5 KTS, USE THE LARGER - NO FURTHER COMPUTATION NECESSARY FOR

V74
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THIRD APPROX$MAT1’ON: SAME As SECOND BUT ADDING POINTS AT 10

OEGREES N OF CENTER TO SECOND APPROXIMATION. USE THE LARGEST OF THE

THREE APPROXIMATIONS.

~ = MEAN 700 MB GEOSTROPIC WIND BETWEEN SEVEN PAIRS OF PO INY’S 5
DEGREES S OF THE INITIAL PO~lTtON.OF THE STORM CENTER AND.5 DEGREES
N OF THE LATiTUDE THAT THE V COMPUTATION lND~CATES THE CENTER WiLL

REACH 12 HOURS AFTER CHART TIME..

PY = MEAN MERIDIONAL SPEED OF MOVEMENT OF CENTER FOR’ THE 12 HOURS

PRIOR TO CHART TIME (KTS).

Px = MEAN ZONAL SPEED OF MOVEMENT OF CENTER FOR THE’ 12 HOURS PRIOR

70 CHART TIME (KTS).

U7 AND V, ARE COMPUTED FROM THE LATEST 700 MB CHART ON THE

MILLER-MOORE GRID SHOWN HEREIN. ~EIGHTS ARE,”TABUiATED. FOR EVERY

2~ DEGREES. IN THE CASE oF THE MERIDION:ALC OMP.ONENT;,.THE, AvERAGE
HEIGHT DIFFERENCE IS COMPUTED BETWEEN 5 DEGREES “N AND S OF THE C.EN-

TER; HOWEVER, DEPENDING UPON THE RESULTING NORTHWARD..SPEED OF THE

STORM, THIS GRID MAY BE EXTENDED TO 7.5 OR 10 DEGREES N OF THE CEN=
TER IN ACCORDANCE WITH THE SPECIFIED CRITERIA. IN.THE CASE OF THE

ZONAL COMPONENT, THE AVERAGE HEIGHT DIFFERENCE BETWEEN THE TWO
HORIZONTAL ROWS IS COMPUTED; THE BOTTOM ROW BEING 5 DEGREES S OF THE
INITIAL SURFACE POSITION OF THE STORM AND THE TOP ROW BEIFJG 5 DE-
GREES N OF THE 12 HOUR MERIDIONAL FORECAST POSITfON OF THE CENTEft.
THE AVERAGE MERIDIONAL AND ZONAL HEIGHT DIFFERENCES ARE THEN REDUCED
TO METERS pER DEGREE ANO CONVERTED TO GEOsTROPIc_wIND ~KTS) FOR THE
CENTRAL LATITUDE USING THE GRAPH SHOWN HEREIN. U AND V ARE THEN

SOLVED FOR, USING THE EQUATIONS (1) OR (2).

AFTER THE END OF THE 1960 TYPHOON SEASON IT WAS CONCLUDED THAT
THIS METHOD COULD BE CORRECTED TO WORK BETTER IN THE WESTERN PACIFIC
AREA. RECOMPUTING THE OATA FROM THE 1959 AND 1960 SEASONS PROVIDED
A TOTAL OF THREE HUNDRED CASES FROM WHICH TO OBTAIN DAT’A F’OR Px> PY
AND TO COMPUTE NEW CONSTANTS.

RESULTS OF TWO YEARS DATA INDICATED THAT TWO CHANGES COULD BE
MADE TO IMPROVE THE METHOD FOR THE WESTERN NORTH PACIFIC; FIRST,
ADJUST THE MERIDIONAL AND ZONAL CONSTANTS SLIGHTLY, ANO SECONDLY,
ESTABLISH A DIFFERENT PROCEDURE FOR ”DETERMINING THE MOST SUITABLE
POINT TO COMMENCE USE OF THE SECOND EQUATION.

APPARENTLY THE LATITUDE OF 27.5N, POINT OF CHANGE FROM THE FIRST

TO THE SECOND FORMULA IS CONSIDERED TO BE THE AVERAGE LATITUQE OF THE
SUBTROPICAL RIDGE LINE. THIS WOULD ALSO APPROXIMATE THE DIVID’ING

LINE BETWEEN THE INITIAL MOVEM’ENT BY THE CYCLONE TO THE U AND MOVE-
MENT ?0 THE E AFTER RECURVATURE. IN VIEW OF THE DIFFERENT PROBLEMS

OF MOVEMENT, TWO EQUATIONS ARE NEEDED. OF COURSE, A MORE IDEAL

215



METHOD WOULD BE TO HAVE THREE FORMULAS, ONE SOR WESTERLY MOVEMENT, ONE
FOR NORTHERLY MOVEMENT, AND ANOTHER FOR EASTERLY MOVEMEN?. TH?S 10EAL

iS ~MpOsSIBLE BECAUSE of THE pRoBLEM Of DEC#DJNG WHICH OF 7’HE FOR-
MULAS TO U*. SOME SUCCESS HAS BEEN ACHIEVEO %N FORECASTING THE

POSITJON OF THE RIDGE LINE, THEREFORE THE FIXED FJGURE OF 27.5 AS +HE

POINT TO CHANGE FORMULAS IS NOT Absolutely NECESSARY, ALTHOUGH ?7 iS
AN EXCELLENT GUIDE. THUS, THE SECOND FORMULA 1S NOW USED JUST AFTER
POSNT OF RECURVATURE. RECURVATURE is DEFINED HERE AS THAT PO;NT A?

WHICH THE CYCLONE CEASES MQVEMENT To THE M oF N AND COMMENCES MOVJNG

TO THE ~ OF N.

FROM 258’ CASES S OF TH~S DefinitiOn OF POiNT OF RECURVATURE, IT
WAS DETERMINED THAT THE MERJDJoNAL FoREcA$T ERRoRS AVERAGED 1.1 KTS

TO THE M, AND THE zoNAL FoREcAsT ERRoRs AvERAGED 2.0 KTs To THE E.

NORTH OF THE POSITION oF REcuRvATuRE THERE WERE A TOTAL df 50 CASES.
‘1’HESE SHOWED THE MERIDJONA!. FORECAST ERRORS AVERAGED 0.2 KTS.TO THE
S, ANO THE 20NAL FORECAST ERRORs AvERAG~O 1.6 KTS TO THE W.

iktNG THE ABOVE CORRECTIONS THE FOLLOWING MoDtFiCD EQUAT$ONS OF

(1) AND (2) UERE DEVELOPED:

AT OR SOUTH OF THE POINT OF RECURVATURE

7 = ().23v7 +0.65PY+ 1.2
(3)

1 = ().42U7 +0.54Px - 0.4

NORTH OF THE POINT OF RECURVATURE

7 = 0.71v7 +0.40PY + 3;2
(4)

Y= o.61u7 +0.48Px - 5;4

DURING 1961 EQUATIONS (1), (2), (3) AND (4) WERE USEO ON AN
OPERATIONAL BASIS TO FoRECAsT THE MOvEMENT oF TROPICAL LowS. THE

AVERAGE FORECAST ERROR FOR EACH ?YPHOON .AND FOR THE YEAR IS SHOWN

IN THE FOLLoWING TABL~. NOTE THAT THE INFORMATION HERE IS BASED ON

OPERATIONAL POSITIONSj NOT ON BEST TRACK DATA. THE AVERAGE ERROR

USING EQUATIONS (1) AND (2) FoR sEsT ~~ACK pOsJTIONs wAs 96 MI.
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TYPHOON

TESS

ALICE

BETTY

CORA

ELSIE

HELEN

IDA

JLINE

KATHY

LOR NA

NANCY

OLGA

PAMELA

SALLY

T 1LDA

VIOLET

BILLIE

CLARA

DOT

ELLEN

NO. OF CASES

12

7

1?

3

3

13

5

14

4

10

17

3

7

6

14

11

8

9

12

11

MEAN FORECAST ERROR
EQUATIONS (1) & (21

95

104

94

142

158

92

217

133

163

141

120

70

161

137

138

149

104

222

144

74

129 MI

MEAN FORECAST ERROR
EQUATIONS (3) & (4I

93

116

87

89

114

94

156

93

100

108

109

53

131

96

124

147

140

181

102

121

AVERAGE ERROR 113 Ml
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[N VIEW OF 7HE A130VE$ lT WAS DECIDED TO INCLUDE THE 1961 FORE-
CASTING ERRORS WITH THE DATA FOR 1959 AND 1960. THE EQUATIONS WHICH
RESULTED FROkf A TOTAL *OF THREE YEARS DATA ARE SHOWN BELOW. IT JS
PLANNED TO USE THESE ON AN OPERATIONAL BASIS DURING THE 1962 SEASON.

AT OR SOUTH OF THE POINT

ii= 0.23v7 + O.65PY+

T = 0.42u7 + 0.54Px-

OF RECURVATURE

1.1
(5)

0.2

NORTH OF THE POINT OF RECURVATURE

T = 0.71v7 + 0.40PY+ 3.6
(6)

i = 0.61u7 + 0.48Px - 5.7
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MILL ER-MOORE 24 HOUR FORECAST _

TES$

MERIDIONAL ZONAL
DISTAWCE ERROR ERROR

VERIFY ING TIME ERROR N s E u

2512Z
2600Z
2612Z
2700Z
2712Z
2800Z
281 2Z
2900Z
291 2Z
3000Z
30122
31OOZ
AVERAGE

217
5

78
65
65

121
113
96

135
64
97

158

62
93
62
96
65

25

i
37

17

155

ii:
97

120
64
95

3
71
65

.

.

.

.

98

ALK

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E w

1812Z
1900Z
1912Z
2000Z
201 2Z
21Ooz
2112Z
AVERAGE

30 30 3
57 47 20
23 2 23
73 5 Z3
90 74 56

65 192
~ 172 - 47

BETTY

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

#~RIFYING TIME ERROR N s E u

2312Z 123 60 107 w
2400Z 150 1; 150

‘.
-

2412Z 7!5 5 75 w
2500Z 74 48 . 62
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MILLER -MOORE 24 HOUR FORECAST FRR~

~ (CONTt D)

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E u

25122
26002
2612Z
2700Z
27122
2800Z
2812Z
AYERAGE

70 .+ 14 ’70
35 30 . 19
6S 64 15
87 5;
93 - . :

138 - 1:: ,. 52
211 - 93 173
B

.QM

MERIDIONAL ZONAL ‘
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E u

2400Z ?08 45 . 98’-
2412Z 107 37 102
-25002 197 112 “ 161
AVERAGE m

&w.E

MERIDIONAL ZONAL
OISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E u

1400Z 128 97 - w“-
14122 89 .77 . 43
15002 208 75 188

.AVERAGE E

MERIDIONAL ZONAL
DISTANCE . ERROR ERROR

VERIFYING”TIME ERROR N s E u

2812Z 76 63 m . 52



“\
E&MOORE 24 HOUR FOR&AST WORS

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

;VERIFYING. TIME ERROR N s “E u

2900Z
2912Z
3000Z
3012Z
31Ooz
3112Z
01Ooz
0112Z
0200Z
02?2Z
0300Z
AVERAGE

.:
38
59

170
122
69
45
58
73

DISTANCE

.

39
161
80
15
37
54

10
18

.
-

63

MERIDIONAL
ERROR

3?
33
43

66

&
4“1
10

ZONAL
ERROR

.

4i
91

-.

VERIFY! NG TIME ERROR N s E u

2912Z 144 24 - 138 -

3000Z 182 21 174
3012Z 146 13 142 .

31OOZ 163 “= 3 163 -

3112Z 374 309 216
AVERAGE “m

MERIDIONAL ZONAL
DISTANCE ‘ ERROR ERROR

VERIFYING TIME ERROR I N s E’ u

021 2Z 60 ,- 46 36
0300Z w 23 - 86 .

031 2Z 160 79 . ,4,: 9

0400z 128 124 -

0412Z 166 t:! : 101 9

0500Z 117 i15 - -

f)512Z 6!! .27 :: .

223



~ >i,

JUNE (CONT’D]

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

,VERIFYING TIME ERROR N s E
~

““D600Z 160 7 . “159 +

~612Z 84 56 61
0700Z 77 76 ‘II :
0712Z . 104 72 75 -.
0800Z 172 38 . 166 *

08122 167 77 . 153’ -
AVERAGE m

KATHY

MERIDIONAL ZONAL
DISTANCE “ ‘ “: ERROR ~ ERROR

VERIFYING TIME ERROR N s“ E w

1612Z 155 115 102
1700Z 97, 56 83 -.

1712Z 183 163 68 .

18002 202 192 62 .

.AVERAGE m

(.ORNA
. .

MERIDIONAL ZONAL
DISTANCE ERROR - ERROR

VERIFYING TIME ERROR N. s E “u

2200Z 155 148 44 -

22122 14? 135 ‘ 39 ‘-

2300Z 56 ‘G 23 .

2312Z ; 61 - ““ 21 54 .

2400Z 145 ,- 35 140 .

2412Z 149 -“ 19 148 0

“ 2500Z “115 . 15 115 .

25122 ~56 .

2600Z E z “:.

2612Z 90 .: 63 .

AVERAGE m
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MILLER-MOORE 24 HOUR FORECAST ERRORS

.Mu!u

MERIDIONAL ZONAL
DISTANCE ERROR

$~ERIFYING TIME
ERROR

ERROR N s E’ w

0900Z
091 2Z ‘
1000Z
10I2Z
1100Z
1112Z
1200Z
1212Z
1300Z
1312z
1400Z
1412Z

~ 1500Z
1512Z
1600Z
1612Z
1700Z
.AVERA&#

103
270
37
17

120
35
45

107
158
100
133
88
98

142
75

382
469
m

DISTANCE”

40
23

7
17

7
10 :
45 -

::
;

68
73

70 -’
73

27
- 315

469

OLGA

.MERIDIONAL
ERROR

97
265
34

119

5
84

145
100

ZONAf.
ERROR

-VERIFYING’ TIME ERROR N s E w

09122 71 . 59 38
1000z ~ 15 50
AVERAGE 64

PAMELA

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR “N s“ E .W

1Oooz 72 3 . 0
1012Z 224 8 ‘2
11OOZ ‘8; -“ 287
1112Z

.
m. 150 - 134 0
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-o 4~

.U!&U (CONTtD)

MERIDIONAL ZONAL
DISTANCE’ ERROR ERR OR

VERIFYING TIME ERROR N. s E w

1200Z 135 54 120
1212Z

.
34 17 17

AVERAGE
.

m

SALLY.

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E w“

2700Z 63 61 21
27-12Z

.-
113 71 77

2800Z 166 73 150
2812Z 153 71 128
2900Z 141 63 . 123 E
2912Z 123 105 -. 69
AVERAGE m

UL!2!L

MERIDIONAL ZONAL
DISTANCE GRROR ERROR

VER4FYING TIME ERROR N s E If

2812Z 114 95 66
2900Z 110 108 “ 5
2912Z 72 50 -
3000Z 70 %
3CM2Z 132 ‘% 102
.Olooz 193 50 - 182
O112Z 202 120 159
0200Z

.
172 95 123

021 2Z 165 73 142
0300Z 100 43 93
0312Z 72 26 67
0400z 77 32 . 6i
0412z 68 52 - 47
0500Z 197 1’53 -’ 133
AVERAGE B
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MILL ER-MOORE 24 HOUR FORECAST ERRORS

w

MERiOiONM. ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR. N s E “u

051 2Z
0600Z
0612Z
0700Z
0712Z
0800Z
0812Z
0900Z
0912Z
1000Z
10I2Z
AVERAGE

97
15
99

102
87

118
77
67

172
327

78
,-

23

123

69
12 ~ 12
97
92 38
28 84

115
14 75
53

107
245

28;

38
127
210

BILLIE

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s Elf

2412Z
2500Z
2512Z
2600z
2612Z
2700Z
271 2Z
2800Z
AVERAGE

75
56
98
55
55
58
97
97

T

.

43
13

55
22
77
43

62
52
95
55

.

CLARA

MERIDIONAL ZONAL :
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E u

2800z 257 162 162
2812Z

.
350 40

2900Z 278 3; 273
291 2Z 207 “ 34 203
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MiLLER-MOORE 24””HOUR FORECAST ERROiS

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

.VERIFYING TIME ERROR N s E kl-
..

3000Z,: 182. 45 172 -
30122 77’ 26 70 <

31002 107 25 102 ‘,-
31122 195 190 32 .-

01002 80
~.

70 -
AVERAGE m

~

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E w

10I2Z
1?002
11122
12002
12122

‘..13002
13122
1400Z
1412Z
15002
15122
AVERAGE.

178
97
45
43
69

186
152
164

2:
183
m

114
63
44
12

142
76

29
42
28”:
54
68 .

-

11

42
67

182
148
158

2::
168

ELLEN

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR ‘N s E. M

081 2Z 116 67. . “80
0900Z 52 47 22
091 2Z 55 54 i;
1000Z 42 40 . 13
10I2Z 92 32 . 88
Ilooz 37 ’35 12
1112Z 102 - 13 . 9i
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MILLER-MOORE 24 HOUR FORECAST ERRORS.

ELLEN (coNT?D)

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE M
\

1200Z 83 72 - 40 -

1212Z 83 63”- 44 .
1300Z 92 60 . 60 .

1312Z 76 65 . 28 .
AVERAGE ‘ ‘%

AVERAGE DISTANCE ERROR-24, HR FORECASTS (175 CASES).. . . .+ _Il$MI
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tiACHHOLZ COORDINATION CHART

~HIs cHARl, wH~CH IS lNCLUDEO AND DiSCUSSCD IN THIs BooK, wAs
USED IN THE 1960 AND 1961 SEASONS AS A TOOL TO EVALUATE THE EYE DATA

REPORTS MADE BY THE AtRBORNE OBSERVER. IT !S AN AID TO DETERMINE
THE RELIABILITY OF THE REPORT AND TO PROVIDE A CHECK ON THE OBSERVED
SURFACE WIND OR PROVIDE A SURFACE WIND VALUE WHEN NONE WAS OBSERVED.

THIS CHART, ALONG WITH THREE SEASONAL CLIMATOLOGY CHARTS, WAS COM-
PILED BY CAPTAIN EDWARD R. WACHHOLZ, USAF> !~ APRIL ANO $4AY OF 1960
AFTER A SEASON OF FORECASTING TYPHOONS IN 1959 AT FlfC/JTHC. THE

GRAPHS WERE COMP!LED FROM RECONNAISSANCE DATA FOR 1957, 1956 ANO

1959 AND WERE FNIT!At.LY TESTED ON 1956 DATA. THESE THREE YEARS PRO-
VIDED THE MOST ACCURATE FLIGHT LEVEL WINDS AS DETERMINED BY THE APN-
82 ~OPPLER WIND MEASUR~NG EQUIPMENT.

THE MACHHOLZ CHART 8s BASED ON THE THEORY THAT ALL TYPHOONS
DEVELOP tN HOMOGENEOUS AIR OVER AREAS OF SIMILAR CHARACTERISTICS AND

THAT TYPHOONS ARE SIMBLAR THERMODYNAMICALLY EXCEPT FOR DIFFERENCES

IN INTENSITY. THESE VARIATIONS OF #NTENSITY ARE DUE TO THERMAL,

LATITUDINAL ANO LONGITUDINAL CONSIDERATIONS.

“~HC CHART (FIG. ~

1 II

RELATES MIN8MUM 700 MB HEIGHT FT , MAXIMUM

700 MB TEMPERATURE (“~ , AND MINIMUM SURFACE PRESSURE MB ~ AS MOOl-

FIED BY LATITUDES TO MAXOMUM 700 MB WIND SPEED (KTS) AND MAXIMUM

SURFACE WIND (KTS). IT ?S BASED ON THE FOLLOWING FORMULAE:

Q REPRESENTS THE LATITUDE OF THE TYPHOON EYE

?HM IS THE ~~ MB MINiMUM HEIGHT OF THE EYE ilN FT
SFCM IS THE SURFACE wiNo MAX AROUND ~HE EYE IN KTS

(1)

THE BASIS OF THESE FORMULAE #s THE IDRBGINAL FORMULA BY DR. ROBERT

FLETCHER WHO ?s PRESENTLY DIRECTOR OF SCientifiC $ERVECES, AIR UEA-

THER SERVtC& THIS FORMULA is SHOWN BELOW:

SFC WIND MAX = 16 ~lolo - Pc’ (3)

1010 REPRESENTS THE PRESSURE tN MB Aif THE “BAR* OF THE TYPHOON AND
MAY BE ADJUSTED IF 7HE *BARn PRESSURE D#FFERS.

Pc 9S THE CENTER PRESSURE OF THE TYPtiOON OR HURRICANE IN MB.
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NOTE ON THE COORDINATION CHART THAT THE 700 MB-SURFACE WIND RC-

LAlloNsHlp Is OIRECT (THEY ARC THE SAME AT ~ AND 2!59 KTS ONLY) ANO
THAT THE SURFACE PRESSURE-700 MB HEIGHT IS ALSO DIRECT!.Y”RELATEDO

WHEN THE SURFACE PRESSURE OR 700 MB HEIGHT IS KNOWN, FIND IT ON THE
GRAPH THEN FOLLOW HORIZONTALLY TO THE CORRECT LATITUDE; FROM THERE,

EXTEND VERTICALLY TO THE SURFACE WIND OR TO THE 700 MB WIND.

~NfORMATION MOST FREQUENTLY USED TO DETERMINE THE SURFACE WIND

1S THE 700 MB HEIGHT AND T~~ 700 MB WIND WHICH ARE ACCURATELY MEA-

SURED BY THE AIRCRAFT. THE SURFACE PRESSURE IS MOST FREQUENTLY OB-
TAINED FROM DROPSONDE EQuiPMENT ANSI AVAILABLE AS RAW UNCORRECTED DATA
AT TIME OF CHART USE. ITS VALUE VARIED AT TIMES FROM THE CORRECTED
PRESSURE AVAILABLE LATER. THE 700 MB TEMPERATURE PARAMETER HAS BEEN
FOUND TO BE LEAST USEFUL DUE TO THE FACT THAT IT IS REPORTED” IN WHOLE
DEGREES, AND A SMALL VARIATION IN TEMPERATURE REPRESENTS A LARGE

VARIATION OF OTHER FEATURES IN THE GRAPH. THIS GRAPH WORKS ONLY FOR
CIRCULATIONS THERMODYNAMICALLY CLASSIFIED AS TYPHOONS FROM DATA DE-

RIVED FROM WITHIN THE EYE oF THE TYPHOON.

AT THE REQUEST OF HEADQUARTERS AIR WEATHER SERVIC~, U5AF, AN

EVALUATION OF THE GRAPH HAS BEEN MADE, BASED ON INFORMATION AVAIL-
ABLE 70 JTMC DURING THE 1961 SEASON. THE EVALUATIONS HAVE BEEN

DIVIDED INTO TWO SECTIONS. FIRST, RELATING OBSERVED INFORMATION AT
A NEARBY LAND OR SHIP STATION TO AN EYE DATA REPORT AND THE SURFACE

WIND THAT THE VARIOUS PARAMETERS OF THE EYE DATA REPORT WILL PRODUCE

ON THE IIIACHHOLZ CHART. THE COMPARISONS ARE NOT SIGNIFICANT BECAUSE
Or DISTANCE OR TIME VARIATIONS AND LIMITED DATA. THE SECOND EVALU-
ATION CONCERNS THE COMPARISON OF THE OBSERVED PARAMETERS TRANSLATE

INTO SURFACE WIND SPEED VALUES WITHIN THE WACHHOLZ CHART ITSELF. IN
ADDITION, THE CHART IS EVALUATED AGAINST OBSERVED WINDS OF EACH EYE
DATA REPORT.

THE SECOND EVALUATION WAS ACCOMPLISHED IN THE FOLLOWING MANNER:

A. THE REPORTED SEA LEVEL PRESSURE, 700 MB HEIGHT, 700 MB
TEMPERATURE AND 700 MB WIND WERE CONVERTED INTO A SURFACE WIND VALUE
FOR ALL TYPHOON EYE DATA.

Be EACH CONVERTED PARAMETER AND THE OBSERVED SURFACE WIND WAS
COMPARED WITH THE 700 MB WIND CONVERTED TO A SURFACE WIND VALUE ON
SCATTER DIAGRAMS.

c. THE DATA WAS SCREENED TO REMOVE EYE DATA REPORTS THAT WERE
IN ERROR WHEN COMPARED CHRONOLOGICALLY. FOR EXAMPLE, ASSUME THAT IN

ONE REPORT ALL PARAMETERS APPEARED REASONABLE AND IN THE FOLLOWING
REPORT THE 700 MB HEIGHT INCREASED IN VALUE, THE SURFACE PRESSURE
DECREASED, AND THE REMAINDER OF THE INFORMATION WAS UNCHANGEO. THE

LATTER REPORT WOULD BE REMOVED FROM THE SAMPLE TO BE EXAMINED. IN
THIS MANNER DATA THAT APPEARED TO CONFORM TO THE WACHHOLZ CHART AS

WELL AS SOME DATA THAT DID NOT CONFORM WERE REMOVED.
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Do THE CONVERTED 700 MB OBSERVED wlND wAs subtracted) FROM THE
CONVERTED VALUES OF THE 700 MB HEIGHT, SEA LEVEL PRESSURE, 700 ME
TEMPERATURE, AND FROM THE REPORTER SURFACE WIND. TH’JS DifferenCe WAS
PLOTTED AGAINST NUMBER OF CASES TO PRODUCE A GRAPH OF EACH PARAMETER

AS INDICATED. FIGURE 2 REPRESENTS 97 CASES; FIGURE 3, 103 CASES;

FtGURE 4, ~ CASES AND FIGURE 5 REPRESENTS 99 CASES. THE VARIATION
IN CASES REPRESENTS FAtLURE TO REPORT A PARTICULAR PARAMETER BY THE
AIRBORNE OBSERVER. FROM THE OR:.GINAL UNCORRECTED SAMPLE OF 119 CASES,

THE MAXIMUM POSSIBLE NUMBER OF CASES WOULD BE 103.

THE 700 MB W~ND, DERIVED FROM THE DOPPLER WIND REPORTING SYSTEM

IS THE MOST ACCURATE lNF,oRMATloN PROVIDED BY THE OBSERVER AND WAS
USED AS THE CONTROL FROM WHtCH OTHER REPORTED OATA WOULD VARY. THERE

IS A HUMAN ELEMENT INVOLVED lN COLLECTING THE OPTtMUM 700 MB WtND
SINCE EYE PENETRATIONS BY SKILLED CREWS ARE uSUALLY SAFE ONES, FOR
THE AtRCRAFT CoMMANDER IN CoORDINATtON WITH oTJiER CREW MEMBERS WILL

SELECf THE WEAKEST ZoNE OF THE WALL CLOUD TO PENETRATE. THIS IS LtKE-

LY 70 SE THE AREA OF J-~As7 VCRTICAL MoTtON AS WELL AS LEAST HORIZON-
TAL MOTtON WtTHIN THE WALL CLOUD; THUS~ THE MAXIMUM OBSERVED 700 MB

WIND tS NOT TRULY REPRESENTATIVE OF THE oVERALL CONDITtON OF THE WIND

AT THAT LEVEL. BECAUSE OF THIS, THE 700 M13 tiEIGHT ts cotutocREo TO
ti~MORE REpRESENTATtvEo IT IS MEASURECI WtTHtN THE TYPHOON EYE AND
THERE ARE FEW PROBLEMS To SECURING A REASONABLY ACCURAT’E VALUE THAT
REPRESENTS THE OVERALL CONDtTtON OF THE.TYPHOON. A COMPARISON BE-
TWEEN THE 700 MB HEIGHT AND THE 700 MB WtND, BOTH REDUCED TO A SUR-
FACE WtND VALUE, REVEALS 23 CASES BETWEEN PLUS 5 KTS AND MtNUS 5 KTS,

25 CASES BETWEEN PLUS 6 AND PLUS 15 KTS tNcLustvE. THIS DATA PRO-
DUCES A CURVE THAT INCLUDES 65 PERCENT OF CASES BETWEEN MINUS 15 A@JJ)
PLUS 15 KTS. THE ScATTER DIAGRAM tNDtcATfs THAT 60 PERCENT OF THE
DATA WAS WITHIN 10 PERCENT OF THE SPEED VALUE AXtS FOR ALL SPEEDS.

‘fHtS tS PROBABLY WtTHtN THE LIMITS OF CONSISTENT OBSERVtNG AND FORE-
CASTING OF TYPHOON INTENSITIES. ,.

A COMPARISON BETWEEN THE REPORTED SURFACE WtND AND THE 700 MB

WIND REDUCED TO A SURFACE WtND VALUE INDICATES THAT THE REPORTED
WJND WAS FASTER THAN THJ?. COMPUTED WIND, AND THE CURVE 1S SKEWED StM-
ILARLY TO THAT OF THE 700 MB HEIGHT CURVE. THE OOUNDARY OF MtNus 15
70 PLUS 15 KTS tNCJ.UDES 40 PERCENT OF THE DATA, AND 31 PERCENT OF THE
DATA WAS WITHtN 10 PERCENT OF THE SPEED VALUE AXJS FOR ALL SPEEDS ON

THE SCATTER DJAGRAM.

THE MINIMUM SEA LEVEL PRESSURE CURVE INDICATES THAT THtS PRESSURE

PROVtDES A SURFACE WJND SPEED VALUE HtGHER THAN THE 700 MB WIND, 58
PERCENT OF THE DATA BETWEEN MINUS 15 AND PLUS 15 KTS, AND THAT 49
PERCENT OF THE DATA WAS WITHIN 10 PERCENT OF THE SPEED VALUE AXtS FOR
ALL SPEEDS ON THE SCATTER DtAGRAM.

THE 700 MB TEMPERAWR~ CURVE PROVIDES AN }N7ERESTING VARIATiON
FROM THE OTJiER CURVESO ONLY 37 PERCENT OF THE DATA RANGES BETWEEN

PLUS AND MINUS 15 K73, 40 PERCENT OF THE OATA tS WJTHIN 10 PERCENT
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OF THE SPEED AXiS~ AND!EXPERIENCE JNDICATES THE TEMPERATLJRE TO BE.
LEAST RELtABLE OF ALL DATA TO PRoVt.DE A SURFACE WIND VALUE. EXAM-

INATION OF THE DATA REVEALS THAT WHEN THE TEMPERATURE IS WARMER THAN
NORMAL ACCORDING TO THE MACHHOLZ CHART$ THE SURFACE WI’NDS FREQUENTLY

INCREASE’ IN SPEED; THAT 1SS THE TYPHOON INTENSIFIES. WHEN THE

TEMPERATURE IS COOLER THAN WoULD NORMALLY BE EXPECTED, THE WIND
SPEED OECREASESO ‘t’HIS Relationship WILL BECOME A RESEARCH PROJECT
OF THE COMING YEAR To DETERMINE THE SIGNIFICANCE OF THIS lNDICATtON.

THE QUEST#ON OF BIAS OF REPORTED DATA HAS ARISEN SEVERAL TIMES

CONCERNING THE USE OF THE WACHHOLZ CHART BY JTWC. THtS POSSIBILITY
CERTAINLY EXISTS AND CANNOT BE DISCOUNTED. THERE IS SOME SIMILARITY

TO THE VARIATION CURVES PRESENTED. THE SCATTER DIAGRAMS AND THE DtS-

TRIBUTION OF THE DATA oN THE vARiATIoN cuRvES DO NoT SUPPORT THE USE
BY THE AIRBORNE OBSERVER OF THE WACHHOLZ CHART ITSELF OR’ANY OTHER

TOOL THAT CONSISTENTLY RELATES SoME oBSERVED PARAMETER TO THE REPORTED
SURFACE W:ND ON A DAY TO DAY BASIS Throughout THE YEAR.

EXAMINATION OF AVAILABLE DATA PRODUCES TWO CONCLUSIONS. FIRST,

AN AVERAGE OF THE 700 MB WIND, MINIM~JM SEA LEVEL PRESSURE ANO 700 MB
HEIGHT WILL PRODUCE A SURFACE WiND VALUE SLIGHTLY LESS THAN THAT RE-

PORTE-D BY THE AIRBORNE OBSERVER ON A SEASONAL 6AS1S. SECOND, THE
HACHHOLZ CHART, THE FtRST TO CORRELATE, ALL SIGNIFICANT MEASURED PARA-

METERS WITHIN THE TYPHOON EYE, IS AN EXCELLENT TOOL FOR USE BY THE

TYPHOON DUTY OFFICER AS INDICATED IN THE FIRST PARAGRAPH.

SUFFICIENT DATA IS NOW AVAfLABLE FROM THE 1960 AND 1961 SEASONS
10 EFFECT SEVERAL MINOR CHANGES TO THE CHART, A PROJECT WHtCH CAPTAIN
~ACHHOkZ INOICATED TO BE DESIRABLE WHEN THIS SUPPORTING DATA BECAME
AVAILABLE.
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SFC HIND- 700 ‘MB HIND = ABSCISSA,

CASES = ORDINATE

KTS

2(I

10

SFC MIND - AS REPORTED BY AIRBORNE OBSERVER

7@MB HIND- CONVERTED TO SURFACE WIND VALUE

FIG; 2



2(I

K)

700 MB HE I(NT -700 MB WIND = ABSCISSA, KTS

CASES = ORDINATE

I

– 35 – 25 –15 –5 +5 +15 +25 +35 +45

700MB HEIGHT- CONVERTED TO SURFACE WIND VALUE

7w” MBWlW0- CONVERTED TO SURFACE MIND VALUE

FIG. 3



20

10

141N SLP - 700MB HIND =-ABSCISSA, KTS

CASES =ORDINATE

I I
—

–35 – 25 –15 –5 +5 +15 +25 +’35 i-45

MIN SLPO CONVERTED TO SURFACE HIND VALUE

700 MBUlND- CONVERTED TO SURFACE MIND VALUE
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700 MB TEMP - 700 MB WIND = ABSCISSA, KTS

CASES = ORDINATE

Iv
cd
cc)

–75 –55 –35 –Is o +15 +35

700 MB TEMP - CONVERTED TO SURFACE WIND VALUE

700MB WIND - CONVERTED TO SURFACE WIND VALUE

+55 +75 +95

FIG. 5


